Objective: Neurotrophins (NTs) could be involved in the development and progression of inflammatory and immune diseases. Because obesity and the metabolic syndrome (MetSyn) are related to a lowgrade systemic inflammation, plasma NT levels (neurotrophinemia) could play an important role in the ethiopathogenic mechanisms underlying these metabolic derangements. This is the first study evaluating the plasma NT levels in a group of women with obesity and MetSyn, and also the adipose tissue nerve growth factor (NGF) expression in a small group of them. Methods: Included were 146 adult women with different degrees of adiposity, with or without MetSyn. Plasma NT levels were measured. NGF expression was analyzed in s.c. adipose tissue of a subgroup of morbidly obese and normal-weight females. Results: NGF plasma levels were 1.4-fold higher in overweight and obese subjects. Plasma NGF was, however, lower in a group of morbidly obese subjects than in overweight or obesity, but it remained elevated relative to the normal-weight group. Plasma NGF was significantly correlated with body mass index (BMI), percentage body fat, and waist circumference in non-morbidly obese subjects. NGF was positively related to inflammatory markers. NT3 and brain-derived neurotrophin factor seem to be more related to lipid profile than to BMI, adipose tissue distribution, or peripheral inflammatory markers. Subjects with type 2 diabetes, abdominal fat distribution, or the MetSyn showed significantly higher levels of NGF. The MetSyn was the only independent predictor of the variability observed in the NGF plasma values. Conclusion: NGF is upregulated in obesity, type 2 diabetes, and the MetSyn. Whether this NT may contribute to inflammation and the metabolic derangements associated with body weight gain remains to be elucidated.
Introduction
White adipose tissue (WAT) is now recognized as an important endocrine organ with a high capacity to synthesize and secrete several hormones, together with multiple other protein signals and factors (1) (2) (3) . These adipokines are involved in a range of functions, including appetite and energy balance, lipid metabolism, insulin sensitivity, and vascular homeostasis, as well as immunity and inflammation. Growing evidence indicates an important role for low-grade chronic inflammation as a triggering factor in the origin and maintenance of the diseases associated with obesity, particularly insulin resistance and cardiovascular disease, both of which are features of the metabolic syndrome (MetSyn). A variety of adipokines linked to inflammation, including tumour necrosis factor (TNF)a, interleukin (IL)-1b, IL-6, IL-8, IL-10, haptoglobin, leptin, and adiponectin, are released from adipose tissue into the circulation (4) . The circulating levels and adipose tissue expression of these various inflammation-linked adipokines are related to BMI and body fat, and in some cases to derangements of glucose and lipid metabolism. For example, the expression and circulating level of TNFa, IL-6, haptoglobin, and leptin are increased with obesity and diabetes (5-7), while adiponectin falls (8, 9) .
The neurotrophins (NTs) have also been considered as potential adipokines, with possible links to the MetSyn and other inflammatory-related diseases (10, 11) . The best known NT, nerve growth factor (NGF), has recently been shown to be directly secreted from both murine and human adipocytes in cell culture, indicating that it is indeed an adipokine (12, 13) . Since NGF was discovered half a century ago (14) , several other factors with similar structure and functions have been identified -NT3, NT4/5, and brain-derived neurotrophin factor (BDNF) -which form the family of NTs (15) . Initially, the NTs were identified as important factors in the functioning of the nervous system, being essential for the development and survival of neuronal cells (16, 17) . In recent years, several studies have provided evidence that NTs, particularly NGF, act not only on cells of the peripheral and CN, but also on the immune and endocrine systems (18) . The production and release of NTs by immune and endocrine cells is also now recognized (19) .
NTs are present constitutively in the blood of rodents and humans, and the levels increase during stress and certain autoimmune diseases. Several authors have reported high plasma levels of NGF, BDNF, and NT3 in patients with rheumatoid arthritis, systemic lupus erythaematosis, allergic disease, or asthma (20, 21) . Higher plasma levels of these NTs have also been described in type 1 diabetic patients (22) . Other studies indicate elevated NGF production and release associated with an increase in several proinflammatory cytokines, such as TNFa and IL-1b (23, 24) . We have demonstrated a marked stimulation of NGF expression and secretion in murine and human adipocytes by TNFa, prostaglandin PGD 2 and J 2 series prostaglandins PGJ 2 , and D 12 -PGJ 2 (25) , emphasizing the link between this NT and inflammatory processes. Such a link is further supported by the inhibitory effect of dexamethasone and a peroxisome proliferator-activated receptor g agonist on NGF expression and secretion by adipocytes, each having an anti-inflammatory action (12) . Interestingly, studies on a small group of patients with cardiovascular disease or the MetSyn have reported a systemic NT deficit in the case of NGF and BDNF (26) (27) (28) .
The aim of the present study is to examine whether the circulating levels of NGF are linked to body mass index (BMI), diabetes, dyslipidemia, and the MetSyn in a group of 146 adult women.
Materials and methods

Subjects
A group of 146 women were consecutively recruited from the outpatient clinic of the University Hospital of Sant Joan (Catalunya, Spain). Subjects were included if they were women aged between 18 and 65 years, with or without obesity or MetSyn, after giving written informed consent to participate.
The subjects were defined as overweight or obese when BMI was between 25 and 40 kg/m 2 , and as morbidly obese when the BMI was 40 kg/m 2 , according to the OMS criteria for obesity diagnosis and treatment (29). The control group consisted of non-diabetic healthy females with a BMI between 18.5 and 24.9 kg/m 2 . The presence of diabetes was confirmed when a previous diagnosis of type 2 diabetes mellitus had been performed or when fasting plasma glucose equal to or greater than 7 mmol/l was observed on two consecutive occasions. Dyslipidemia was defined by the criteria given in the third report of the National Cholesterol Education Program (ATP III; when patients showed two or more of these events: low-density lipoprotein (LDL) cholesterol 4.14 mmol/l, high-density lipoprotein (HDL) cholesterol 1.03 mmol/l, triglycerides 2.0 mmol/l, total cholesterol 6.1 mmol/l, or previous diagnosis of dyslipidemia). The MetSyn has been defined according to the ATP III criteria (30) . All subjects were free of overt inflammatory or infectious diseases and none were receiving anti-obesity or anti-inflammatory drugs at the time of the study. Exclusion criteria were leukocyte counts higher than 11!10 9 cells/l, the presence of infectious, inflammatory, neoplastic or systemic diseases, hypothyroidism, or endocrine diseases other than diabetes. The study protocol was approved by the Hospital Ethics Committee.
Measurements
Height and weight were measured without shoes and with light clothes, and BMI was calculated as weight (kg)/height (m) 2 . Waist circumference was measured midway between the lower rib margin and the iliac crest. Whole-body impedance at 50 kHz was measured using a tetrapolar bioelectrical impedanciometer (HumanIm-Scan Dietosystem, Sabadell, Spain). Fat-free mass (FFM) was estimated using the gender-specific equations validated by Segal (31) . Fat mass was estimated by the difference between body weight and FFM.
Venous blood samples were taken at 0800 h under overnight fasting conditions. Plasma was immediately separated by centrifugation at 900 g for 10 min at 4 8C and aliquots were frozen at K80 8C for subsequent analysis. Glucose, triglycerides, and lipid profile were assessed by the hospital's routine chemistry laboratory. Plasma levels of BDNF and NT3 were measured by specific ELISAs, with an intra-assay coefficient of variation less than 8.8% (Promega), and performed according to the manufacturer's instruction in 96-well microplates (Deltalab, Barcelona, Spain). Absorbance was measured at 450 nm with a Sunrise Reader microplate spectrophotometer (Tecan, Salzburg, Austria). NGF plasma levels were also measured using a commercial ELISA (R&D Systems Inc., Minneapolis, MN, USA) with intra-and inter-assay coefficients of variation !5%. NGF concentrations were determined from the regression line for the NGF standard (ranging from 12.5 to 400 pg/ml). The measured levels for NGF were corrected for mean recoveries of added mouse NGF (140 pg/ml), which were determined in each assay, this being a modified method previously described by other authors (32) . Determinations of recovery, specific, and unspecific NGF binding were run for each plasma sample. Plasma insulin concentrations were measured by RIA (Amersham Pharmacia Biotech). Insulin resistance was measured from fasting plasma glucose and insulin concentrations using the HOMA1 method.
Serum C-reactive protein levels were assessed by a commercial ELISA kit (Alpha Diagnostic International, San Antonio, TX, USA), with a detection limit of 0.35 ng/ml. The intra-and inter-assay coefficients of variation were less than 4.5 and 5% respectively. Immunoenzymometric assays were used to determine the levels of soluble TNF receptor (sTNFR) plasma levels (BioSource, Nivelles, Belgium). Leptin levels were assessed by RIA (Linco Research, St Louis, MO, USA). IL-6 was assessed by a high-sensitivity commercial ELISA (Amersham Pharmacia Biotech), with a detection limit of 0.1 pg/ml. The intra-and inter-assay coefficients of variation were less than 10%.
S.c. abdominal adipose tissue samples were obtained from six morbidly obese (BMI 40.1-49.3 kg/m 2 ) and five normal-weight subjects (23.5-26.5 kg/m 2 ) by biopsy or elective surgical procedures (cholecystectomy, abdominal herniorrhaphy). Both groups were equivalent in age (49.0G4.22 vs 50.20G4.44 respectively; PZ0.765). The anesthetic procedures were standardized and epinephrine was avoided. Total RNA was extracted from tissue samples with Tri-Reagent and treated with a DNA-free Kit (Ambion, Warrington, UK), in accordance with the manufacturer's instructions, to remove any contamination by genomic DNA. Human NGF mRNA levels were analyzed by relative quantitation with the 2
KDDCt method using real-time PCR with an ABI Prism 7700 instrument (Applied Biosystems, Foster City, CA, USA). All samples were normalized to values of b-actin, and the results were expressed as the fold change in C t value of the obese group relative to the lean. Primer and Taqman probe sequences were as previously described (12) ; the primers and probes were synthesized commercially (Sigma-Genosys and Eurogentec, Southampton, UK respectively).
One microgram of total RNA was reverse-transcribed to cDNA in a 20 ml reaction volume with anchored oligo(dT) primer using Reverse-iT First Strand Synthesis Kit (ABgene, Epsom, UK). Real-time PCR was performed in 96-well plates using a qPCR Core Kit (Eurogentec), according to the supplier's instructions, as previously described (25) . Data were collected and analyzed with Sequence Detector software (Applied Biosystems).
Statistical analysis
Because of the lack of previous studies assessing the relationship between NTs and obesity or its comorbidities, we have carried out a study in women with obesity and MetSyn, designing a pilot study with a minimum sample from a statistical point of view. In future studies, sample size should be calculated to ensure adequate statistical power. Because levels of NTs, IL-6, PCR, and insulin concentrations were skewed, the values were log-transformed so as to approach a normal distribution and the geometric means are presented here. One-way ANOVA with multiple comparisons and the Bonferroni post hoc test was used to explore differences between groups. Relationships between quantitative variables were assessed by Pearson's correlation coefficient. Covariance analysis was used to adjust plasma NT levels, and the significance of the differences between groups was assessed by the F-statistics. A stepwise multiple regression analysis was performed to identify the independent predictors of NTs. Statistical significance was set at P!0.05 and all analyses were performed using the SPSS/PC package.
Results
The anthropometric and biochemical parameters of the different groups of subjects are documented in Table 1 . Because plasma NT levels were similar between overweight and obese females, and only 13 patients were overweight, we decided to present the results together. Plasma NGF levels were significantly increased in the group of overweight and obese patients, the levels being 1.4-fold (P!0.016) than those of lean subjects ( Table 1 ). The NGF plasma levels in the morbidly obese group patients tend to be higher than those in the normal-weight group, but the level was slightly lower than the overweight and moderately obese subjects (PZ0.480). Correlation analysis showed no significant relationship between NGF and the anthropometrical variables analyzed such as BMI (rZ0.024, PZ0.775, Fig. 1B) , percentage of body fat (rZ0.074, PZ0.396), abdominal fat distribution (rZ0.004, PZ0.967), or age (rZ0.029, PZ0.731). However, when morbidly obese subjects were excluded from the analysis, NGFs were correlated to BMI (Fig. 1A) , percentage body fat (rZ0.251, PZ0.022), and waist circumference (rZ0.270; PZ0.012), but not to age (rZ0.089, PZ0.406). Further analysis indicated that plasma NGF was negatively related to HDL cholesterol and apolipoprotein A in the whole population ( Table 2 ). The same pattern occurred even when extremely obese subjects were excluded from the analysis (rZK0.258, rZK0.358; P!0.05 respectively). Plasma NGF levels were also related to leptin levels, soluble TNFR1, and IL-6 (Table 2) , but not to the other inflammatory parameters analyzed (although the relationship with CRP was at the limit of statistically significance (PZ0.06)) when extremely obese were excluded.
Plasma NT3 and BDNF levels were also measured in the different groups. NT3 levels, but not BDNF, were positively related to BMI and waist circumference (rZ0.210, PZ0.013) in the whole population but not when morbidly obese subjects were excluded (Fig. 1A ) and tend to be higher in morbidly obese patients (Table 1 ). NT3 and BDNF seem to be most closely related to lipid profile than to adiposity degree, body fat 
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When the study population was distributed in relation to the presence or absence of metabolic derangements and the criteria used in the definition of the MetSyn, a significantly higher plasma level of NGF was observed in patients with hyperglycemia and/or medication use and those affected by MetSyn, almost reaching statistical significance for the abdominal obesity distribution (PZ0.057) after adjusting for differences in age and BMI. NT3 and BDNF plasma levels were significantly lower in dyslipidemic patients. No significant differences in BDNF or NT3 were observed in relation to the presence or absence of MetSyn (Table 3 ). In a multiple linear regression analysis in which age, BMI, waist circumference, total cholesterol, HDL cholesterol, LDL cholesterol, tryglycerides, and HOMA IR were included as independent variables, HDL cholesterol was the only independent predictor of NGF, explaining 4.5% of the variance (PZ0.016). Using the same model, waist circumference and total cholesterol explained 14.3% of NT3 variability (P!0.001) and tryglycerides and HDL cholesterol explained 10.6% of the variability observed in BDNF plasma levels (PZ0.002). When we consider the metabolic derangements associated with obesity and performed a new model including age, BMI, presence of dyslipemia, type 2 diabetes, and MetSyn as independent variables, the MetSyn explained 8.3% of the variability observed in NGF plasma levels (PZ0.001), dyslipidemia and BMI explained 11.6% of NT3 variability (P!0.001), and dyslipidemia alone explained 5.5% of the variability observed in BDNF plasma levels (PZ0.010).
The level of NGF mRNA was examined in s.c. adipose tissue of a small group of five normal-weight and six morbidly obese subjects. NGF mRNA was readily detected by RT-PCR in human adipose tissue, as in a previous study (11) . Quantitative measurement by real-time PCR showed that there was a small but statistically significant (P!0.05) increase in NGF mRNA level in the morbidly obese (2.47G0.6 arbitrary units) when compared with the normalweight subjects.
Discussion
This is the first study that evaluates the plasma levels of NTs in a group of women distributed over a wide range of adiposity, with or without MetSyn. We demonstrate that the circulating level of the first NT to be identified, NGF, is increased in overweight, obese, and morbidly obese subjects, and also in patients with MetSyn. We also show that plasma NT3 and BDNF levels are not significantly changed with obesity, although slightly higher levels of these NTs were observed in morbidly obese subjects. Moreover, a positive relationship was observed between peripheral levels of NTs and some of the measured circulating markers of inflammation commonly overproduced in obese patients or MetSyn.
Several studies over the last decade have implicated NTs in the pathogenesis of various inflammatory diseases (20, 21) . The expression and production in immune cells of one or more NTs together with NT receptors have been described (33, 34) . The effects of these NTs include cell survival or differentiation, and recently a regulatory effect on cytokine production or mediator release has also been identified (35) .
Because inflammation is now considered to be an important feature of obesity, cardiovascular disease, and MetSyn, it has recently been suggested that NTs may be involved in these pathologies. Chaldakov and coworkers have hypothesized that a reduction in NT production could be implicated in the pathogenesis of obesity and related comorbidities, and reported that hyponeurotrophinemia was present in a group of patients with the MetSyn or cardiovascular disease and not in healthy subjects (10, (26) (27) (28) . However, such a proposal is not in agreement with the relationship described between NTs and other inflammatory diseases (20, 21) . In contrast to these previous studies, our results show an increase in NGF plasma levels in patients with obesity or MetSyn. In parallel, for the first time, we report higher levels of NGF mRNA in s.c. adipose tissue from a small subgroup of morbidly obese females. It is important to note that NGF plasma levels increased 1.4 fold in morbidly obese patients in comparison with normal-weight healthy subjects, while adipose tissue NGF mRNA increased 2.4 times. NGF gene expression in human adipose tissue has previously been reported in a small group of morbidly obese volunteers, with a stronger signal in omental than in s.c. fat (12) . Since waist circumference is considered as a good marker of omental adipose tissue depot size (36), the higher NGF expression levels described in omental fat may explain the positive relationship observed between NGF and waist circumference in our study.
Comparison of circulating NGF between obese and extremely obese patients, who have slightly lower NGF plasma levels than the morbidly obese, suggests that the levels essentially plateau with moderate obesity. Similar findings were made for the plasma levels of some other adipokines, such as leptin, in extremely obese patients (37) (38) (39) . This suggests that the metabolic response, or metabolic adaptations, in the morbidly obese differ considerably from those of the general obese population. The relationship which we observed between NTs and the metabolic derangements associated with obesity or MetSyn differs from the results reported by Chaldakov et al., who reported lower levels of NGF in the vascular wall of human coronary arteries of atherosclerotic patients, as well as in the blood of patients with the MetSyn (10, (26) (27) (28) . However, we find significant differences in plasma NGF levels in relation to hyperglycemia or medication use, abdominal fat distribution, and MetSyn. In our study, the presence of MetSyn appeared as independent predictor of NGF plasma variability.
It is difficult to compare our results with those reported by Chaldakov and co-workers. First, they did not describe the criteria they used to define MetSyn, and, secondly, their study population was smaller and there was a different proportion of men and women in the control subjects and the MetSyn group. Significant sex differences in plasma NGF have been described, the levels being higher in men than in women (40) . Thus, the higher proportion of males in their control group than in the MetSyn patients may explain, at least in part, the differences observed by the authors. More recently, a neurotrophic hypothesis suggests that NTs have a different role in the early or generalized stage of MetSyn (11) . Hristova and Aloe show that NGF levels are significantly higher in patients in the early stage of the MetSyn, while a hyponeurotrophinemia appears during the generalized stage. They suggest that hyperneurotrophinemia leads to a hyperactivation of the hypothalamic-pituitary-adrenal axis and exerts a compensatory mechanism against an inflammatory state. In the generalized stage of the MetSyn, these compensatory mechanisms fail and a hyponeurotrophinemia occurs leading to obesity, diabetes, atherosclerosis, and MetSyn. Our results are along the same lines as those reported for the early stage of MetSyn.
Inflammation mediates several effects that are important for cell survival, including changes in lipid metabolism leading to hyperlipidemia, which are partially mediated by cytokines such as TNFa, IL-1, and IL-6 (41). NGF is reported to be able to raise serum free fatty acid and triglyceride levels after administration to rats (42) . The relationship observed between lipid profile or inflammatory markers and NTs in our study suggests that NTs should be added to the list of cytokines and adipokines involved in the progression and maintenance of obesity and its comorbidities. However, little is known about the mechanisms by which NTs are involved in adipose tissue and lipid metabolism. Metabolic studies have been performed to elucidate the role of NTs in the regulation of whole body energy metabolism and in the control of eating behavior (43, 44) . One study performed in isolated rat adipocytes has shown that NGF has an antilipolytic and lipogenic effect (45) . Subsequently, an upregulation by NGF of LDL receptor-related protein has also been described in different cell types, including PC12 cells (46) , which suggests a protective role of NGF in the atherosclerotic process.
The results of our study are consistent with the documented positive association between NGF-and inflammation-related diseases. Since NGF is synthesized and released by white adipocytes and the level of the mRNA was higher in a group of obese patients than in normal-weight subjects or in those with MetSyn, WAT may directly contribute to the increased circulating level of the NT in these metabolic derangements. In contrast to our observations with respect to NGF, we failed to find consistent differences in plasma levels of either NT3 or BDNF associated with obesity and MetSyn. This suggests that they may not be adipokines. However, these results need to be confirmed in an appropriately designed study since our study was limited by a small number of patients. Given the lack of data in the literature, we could not calculate the number of patients necessary for an adequately powered statistical analysis. Therefore, we performed this pilot study. Furthermore, we studied an outpatient population that may not be representative of the general community.
In conclusion, the present study indicates that overweight and moderate obesity are related to an increase in the circulating level of NGF. However, because of the small increment of plasma NGF levels in overweight or obese subjects, whether this NT is involved in the changes in the inflammatory markers in the metabolic derangements requires further research.
